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1 What is claimed is: 

1. In a data storage system including data storage media having at least one 
rotatabre recording surface, a method for storing data segments to said recording 

4 surface m concentric data tracks, comprising the steps of: 

5 \ recording at least one set of data segments onto said recording surface, 

6 each recoraed data segment including a start, an end and a rotational phase from that 

7 data segment to each of the respective ones of all other data segments in the set, 

8 wherein the (rata segments are recorded with coherent relative rotational phases. 

10 2. The method of claim 1 , wherein the steps of recording the data segments 

1 1 further includes tm| steps of recording the data segments such that each data segment 

12 further has: (i) a relative start phase from the start of that data segment to the start of 

13 each of the respectiv\ ones of all other data segments in the set, and (ii) a relative end 

14 phase from the end of that data segment to each of the respective ones of all other 

15 data segments in the setWherein the data segments are recorded with coherent 

16 relative start phases and coherent relative end phases. 

17 \ 

18 3. The method of ctaim 2 wherein the step of recording the data segments 

19 further includes the steps of reading the data segments such that for each data 

20 segment in the set: said relative start, end and rotational phases of that data segment 

21 to respective ones of all other data\egments in the set are predetermined. 

22 \ 

23 4. The method of claim 2, vSfcerein for each data segment in the set: the 

24 rotational phases from that data segmenttto respective ones of all other data segments 

25 in the set comprise the rotational phases frWn the end of that data segment to the start 

26 of the respective ones of all other data segments in the set. 

27 \ 

28 5. The method of claim 4, wherein thetetep of recording the data segments 
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1 further includes the steps of recording the data segment such that for each data 

2 segment in the set the rotational phase for that data segment relative to each of the 

3 other da\a segments in the set has one of a limited number of predetermined values. 
4 

5 6. The Iriethod of claim 5, wherein the step of recording the data segments further 

6 includes the steps of recording the data segments such that for each data segment in 

7 the set: the relative rotational phases from that data segment to respective ones of a 

8 first subset of th\data segments in the set have one of said predetermined values, and 

9 the relative rotational phase from that data segment to respective ones of a second 
10 subset of the data segments in the set have another of said predetermined values. 

v2 11 

f[J 12 7. The method of claim 4, wherein the step of recording the data segments 

'ijj 13 further includes the stepstaf recording the data segments such that for each data 

(S 14 segment in the set the relatljye rotational phases from that data segment to respective 

1* 1 5 ones of the other data segments in the set are the same. 
O 16 

(1 17 8. The method of claii^ 1 , wherein each data segment includes one or more 

It 18 tracks. 
19 

20 9. The method of claim 1 , wherein the step of recording data segments 

21 further includes the steps of recording each data segment such that data tracks in that 

22 data segment are offset by a predetermined skew angle. 

23 

24 10. The method of claim 9, wherein%ie storage system comprises a disk drive 

25 including said data storage media rotated by a spindle motor, a data transducer 

26 assembly positionable at concentric data track locations on the recording media by an 

27 actuator controlled by a servo circuit, and wherein sad predetermined skew angle is 

28 selected to minimize rotational latency as the transducer is positioned over adjacent 

41 



s:ts. 




Docket Q00- 1 032-US1 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

20 
21 
22 
23 
24 
25 
26 
27 
28 



! 1 . The method of claim 1 , wherein the steps of recording the data segments 
further Includes recording the data segments such that each track includes one or more 
data secffcnents. 

12. \ The method of claim 1 1 , wherein the step of recording the data segments 
further indues |he steps of recording the data segments such that for each data 
segmenjffn tpj^set the relational phase from the end of that data segment relative to 
the srart o^fcnkof the^ther data segments in the set has one of a limited number of 
prede^H^edVallu^ 

13. ^/The m\thod of claim 1 1 , wherein the step of recording the data segments 
furtheTincludes the sl&ps of recording the data segments in one or more concentric 
recording zones, each Recording zone including a plurality of tracks, such that at least in 
one recording zone eaclwack includes the same number of segments therein. 

The method of claim 1 1 , wherein the segments are recorded so as to 
obtain a pearly constant data storage transfer rate when transferring data to and/or 
from the segments. 

15. Tftg method of claim 1 , further comprising the steps of receiving one or 
more incoming dab streams and partitioning each incoming data stream into data 
segments before recording on the media. 

16. The method of claim 15, wherein the step of partitioning each data stream 
further comprises the step\of partitioning that data stream into data segments of equal 
size. 
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The method of claim 15, wherein the step of partitioning each data stream 
further comprises the steps of partitioning that data stream into data segments, each 
data segment including multiple tracks in size. 

method of claim 15 further comprising the steps of: 
fading the recorded data segments from the storage media, and 
refprmulating said one or more data streams from the read data 

segments. 

19. The nftethod of claim 1 wherein the step of recording the data segments 
further includes recording the data segments on the storage media so as to obtain a 
substantially deterministic data transfer rate to and from the data storage media. 

20. The method of claim; 1 , wherein the step of recording the data segments 
further includes the steps qf recording the data segments such that for each data 
segment in the set: said relative rotational phases of that data segment to respective 



ones of all the other data segments in the set are predetermined independent ofjhe 
start or end tr ack of that dataj^gment. 

21 . A data storage patterh for storing information on a recording surface of 
recording media in a storage system\ said pattern including at least one set of 
segments for storing user data in concentric data tracks on the recording surface, 
wherein each segment includes a start\n end and a rotational phase from that 
segment to each of the respective ones o|all other segments in the set such that the 
segments have coherent relative rotationalNphases. 



22. The pattern of claim 21 , wherein\ach segment further includes: (i) a 
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relative start phase from the start of that segment to the start of each of the respective 
ones of all other segments in the set, and (ii) a relative end phase from the end of that 
segment to each of the respective ones of all other segments in the set, wherein the 
segment have coherent relative start phases and coherent relative end phases. 

23. \ The pattern of claim 22 wherein for each segment in the set: said relative 
start, end anKJ rotational phases of that segment to respective ones of all other 
segments in the set are predetermined. 

24. Thre pattern of claim 22, wherein for each segment in the set: the 
rotational phasesVom that segment to respective ones of all other segments in the set 
comprise the rotational phases from the end of that segment to the start of the 
respective ones of all other segments in the set. 



25. The pattern of claim 24, wherein for each segment in the set the rotational 
phase for that segment restive to each of the other segments in the set has one of a 
limited number of predetermined values. 



26. The pattern of clam 25, wherein for each segment in the set: the relative 
rotational, phases from that segment to respective ones of a first subset of the 
segments in the set have one of ssud predetermined values, and the relative rotational 
phase from that segment to respective ones of a second subset of the segments in the 
set have another of said predetermined values. 



27. The pattern of claim 24, wherein for each segment in the set the relative 
rotational phases from that segment to respective ones of the other segments in the set 
are the same. 
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28. The patte^\9| clajtfi 21 , wherein each segment includes one or more 

tracks. 

The pattern of claim 21 , wherein data tracks in each segment in the set 
are offset by a predetermined skew angle. 

30. \The pattern of claim 29, wherein the storage system comprises a disk 
drive includinosaid data storage media rotated by a spindle motor, a data transducer 
assembly positiWiable at concentric data track locations on the recording media by an 
actuator controlleck by a servo circuit, and wherein said predetermined skew angle is 
selected to minimiz\ rotational latency as the transducer is positioned over adjacent 
tracks within a segment. 

3tf . The pattern of claim 21 , wherein each track includes one or more 
segments^ 

32. YThe pattern of claim 31 , wherein for each segment in the set the rotational 
phase from ink end of that segment relative to the start of each of the other segments 
in the set has o^e of a li mited number of predetermined values. 

33. ihjelattern of daim 31 further comprising one or more concentric 
recording zonel^eaVi recording zone including a plurality of tracks, such that at least in 
one recording zon^asn track includes the same number of segments therein. 

34. ^fhe patterntaf claim 31, wherein the segments are recorded so as to 
obtain a substantially deterministic data storage transfer rate when transferring data to 
and/or from the segments. \ 
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1 35. The pattern of claim 21 , wherein for each segment in the set: said relative 

2 rotational phases of that segment to respective ones of all the other segments in the set 

3 are predetermined independent of the start or end track of that data segment. 
4 

5 36. The pattern of claim 21 wherein the segments are recorded so as to 

6 obtain a substantially deterministic data transfer rate to and from the data storage 

7 media. 

8 A 

9 37. In a storage device including at least one rotatable storage medium 

^ 10 having at least one set of segments for storing data in concentric tracks on the storage 

'*P 1 1 medium, each segment having a start, an end and a rotational phase from that segment 



Lfi 12 to each of the respective ones onother segments in the set such that the segments 

~£ \ 

"1* 13 have coherent relative rotational phases, the storage device further including a 

CO 14 transducer radially moveable relative to said tracks by an actuator controlled by a servo 

E=fc=: \ 

1 15 circuit during a seek operation from a staring segment to a destination segment, a 

^ 16 method for performing seek operations oompjrising the steps of: 



M= 17 (a) receiving a requestor a ^elc from a starting segment to a 

h 18 destination segment; / \ /\ 

19 (b) obtaining a seek prpffle for controlled application of current to the 

20 actuator based on the seek profile, wnerein\he sefek profile includes constraints for the 

21 seek operation as a function of: (1) ajseek diVtance\epresenting the radial distance 

22 between the starting and destination/segments, and (2) a seek time based at least on 

23 the relative rotational phase betweeii the starting and destination segments; and 

24 (c) applying current to the actuaW as a function of said constraints to 

25 perform the seek operation. \ 

26 \ 

27 38. The method of claim 37, wherein step (b) further includes the steps of: 

28 obtaining a seek profile for each seek operation, the seek profile including 

46 \ 
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constraints as a function of the seek distance and the seek time for that seek operation, 
such that: (1) each seek\operation is completed at the expiration of the respective seek 
time, and (2) for at least ope set of seek distances, the respective seek times are 
predetermined. 

39. The method of blaim 38, wherein for at least a subset of the segments, 
respective inter-segment seedtimes are the same. 

40. The method of claim 38, wherein each of said respective seek times has 
one of a limited number of predetermined yakies. 

41 . The method of daintf^, wher&in step (b) further comprises the steps of, 
for each seek operation, obtaipififj actuator current level and transducer motion 
constraints based on the seek ti/ne antf the sdek distance for that seek operation, and 
step (c) further comprises the steps of 3uDplying\current to the actuator as a function of 
at least the current level and thfe transducer motfpn constraints to complete the seek 
operation at the expiration of tine seek timi 

42. The method ofclaim 38, wherein the seek time constraint corresponding 
to each seek operation is based on the relative rotational phase from the end of the 
starting segment to the start of the destination segment for the seek operation. 

43. The method of claim 38, wherein the seek time constraint corresponding 
to each seek operation is based on a rotation timeVrom the end of the starting segment 
to the start of the destination segment, wherein the rotation time is a function of the 
relative rotational phase from the end of the starting segment to the start of the 
destination segment for the seek operation. 
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44. The metftod of claim 37, wherein for each segment in the set: said relative 
start, end and rotationa\phases of that segment to respective ones of all other 
segments in the set are Predetermined. 

45. The method of claim 37, wherein for each segment in the set the 
rotational phase for that segment relative to each of the other segments in the set has 
one of a limited number of pre&etermimsdl values. 

46. The method of clai^p wherein for each segment in the set: the relative 
rotational phases from that segmdtnf tp'regpective ones of a first subset of the 
segments in the set have one of j&^fd predetermined values, and the relative rotational 
phase from that segment to respective ones\of a second subset of the segments in the 
set have another of said predetermined values. 

47. The method of claim 37 wherein for each segment in the set the relative 
rotational phases from that segment to respective ones of the other segments in the set 
are the same. 

48. The method of claim 37 wherein ^ach segment includes one or more 

tracks. 

49. 

segments 
5 



The method of claim 37, wherein each track includes one or more 



A data storage device comprising: 

recording media having at least a recording surface for storing 
information accdIWig to a data storage pattern including at least one set of segments 
for storing user data iftooncentric data tracks on the recording surface, wherein each 
segment includes a starta^end and a rotational phase from that segment to each of 
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1 tha respective ones of all other segments in the set such that the segments have 

2 cororent relative rotational phases; 

3 I (b) at least one data transducer assembly for reading and/or writing 

4 dataVto the recording surface of the media; 

5 \ (c) a servo circuit for controlling an actuator to position the transducer 

6 assembly at segments on the recording surface; and 

7 \ (d) a controller adapted for transferring data to and from said 

8 segments on the recording surface, wherein: (1) during data storing operations in each 

9 segment, the controller controls the transducer via the servo circuit to record data in 
r*k 10 that segment, such that data is stored in the segments on the recording surface with 
^ 1 1 coherent phase, and (2) during data retrieval operations from each segment, the 

if] 12 controller controls the transducer via the servo circuit to retrieve data from each 

tig 

jg 13 segment. 

3 14 



15 51. The storage device of claim 50, wherein each segment further includes: (i) 

16 a relative start phaseT^m the start of that segment to the start of each of the 

17 respective ones of all ottaer segments in the set, and (ii) a relative end phase from the 

18 end of that segment to each of the respective ones of all other segments in the set, 

19 wherein the segments have^coherent relative start phases and coherent relative end 

20 phases. 
21 

22 52. The storage devicekpf claim 51 wherein for each segment in the set: said 

23 relative start, end and rotational prases of that segment to respective ones of all other 

24 segments in the set are predetermined. 

25 

26 53. The storage device of claim^l , wherein for each segment in the set the 

27 rotational phase from the end of that segment relative to the start of each of the 

28 respective ones of other segments in the set fi^s one of a limited number of 
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1 predetermined values. 

2 

3 §4. The storage device of claim 53, wherein for each segment in the set: the 

4 relative Rotational phases from that segment to respective ones of a first subset of the 

5 segmentain the set have one of said predetermined values, and the relative rotational 

6 phase frormthat segment to respective ones of a second subset of the segments in the 

7 set have another of said predetermined values. 

\ 

9 55. "The storage device of claim 53, wherein for each segment in the set the 

10 relative rotational phases from that segment to respective ones of the other segments 



^11 in the set are the ^ame. 

m 12 

j| 13 56. The storage device of claim 50, wherein each segment includes one or 

CO 14 more tracks. 

i 15 

^ 16 57. The storage device of claim 56, wherein tracks in each segment in the set 

M 17 are offset by a predeterminedtekew angle, wherein said predetermined skew angle is 

□ 18 selected to minimize rotational rajtency as the transducer is positioned over adjacent 

19 tracks within a segment. 
20 

21 58. The storage device of claim 50, wherein each track includes one or more 

22 segments. 

23 

24 59. The storage device of claim 58, Mierein for each segment in the set the 

25 rotational phase from the end of that segment relative to the start of each of the other 

26 segments in the set has one of a limited number of\redetermined values. 
27 

28 60. The storage device of claim 58 further comprising one or more concentric 
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1 recording zones, each recording zone including a plurality of tracks, such that at least in 

2 one recordingkone each track includes the same number of segments therein. 

4 61 . The storage device of claim 50, wherein for each segment in the set: said 

5 relative rotationalphases of that segment to respective ones of all the other segments 

6 in the set are predetermined independent of the start or end track of that data segment. 

8 62. The storage device of claim 50 wherein the segments are recorded so as 

9 to obtain a substantiall^deterministic data transfer rate to and from the data storage 
fH 10 media. \ 

15 11 \ 

[f| 12 63. The storage device of claim 50, wherein: 

13 (0 the controller includes at least one seek profile, for generating 



CO 14 actuator current commands basfed on the seek profile to perform at least one seek 

I* 15 operation from a starting segmenttto a destination segment, the seek profile including 

c 2 16 constraints for the seek operation aka function of: (1) a seek distance representing the 

-far ^ 

N= 17 radial distance between the starting and destination segments, and (2) a seek time 

S 18 based at least on the relative rotational Miase between the starting and destination 

u 19 segments; and \ 



20 (ii) the servo circuit included driver coupled to controller, wherein the 

21 driver receives the at least one current command value to generate an input current to 

22 the actuator as a function of said constraints to perform the seek operation. 

23 \ 

24 64. The storage device of claim 53, whereta the seek profile includes 

25 constraints as a function of the seek distance and the\eek time for the seek operation, 

26 such that: (1) each seek operation is completed at the expiration of the respective seek 

27 time, and (2) for at least one set of seek distances, the respective seek times are 

28 predetermined. \ 
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65. The storage device of claim 54, wherein for at least a subset of the data 
segr?^nts t respective inter-segment seek times are the same. 

The storage device of claim 54, wherein each of said respective seek 
bne of a limited number of predetermined values. 

67. Vhe storage device of claim 54, wherein, for each seek operation, the 
controller further obtains actuator current level and transducer motion constraints based 
on the seek timeNand the seek distance for that seek operation, and the driver applies 
current to the actusitor as a function of at least the current level and the transducer 
motion constraints totoomplete the seek operation at the expiration of the seek time. 

68. The storage^device of claim 54, wherein the seek time constraint 
corresponding to each seeR^pperation is based on the relative rotational phase from the 
end of the starting segment to^the start of the destination segment for the seek 
operation. 

69. The storage device of ha\m 54, wherein the seek time constraint 
corresponding to each seek operation ik based on a rotation time from the end of the 
starting segment to the start of the destination segment, wherein the rotation time is a 
function of the relative rotational phase fronXthe end of the starting segment to the start 
of the destination segment for the seek operation. 

70. The storage device of claim 53 whereV for each segment in the set: said 
relative start, end and rotational phases of that segment to respective ones of all other 
segments in the set are predetermined. 
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1 71. The storage device of claim 53, further comprising means for receiving 

2 one or more incoming data streams and partitioning each incoming data stream into 

3 data segm\nts for storage in the storage device. 
4 

5 72. the storage device of claim 71 , further comprising means for combining 

6 data segments \ad from the storage device to reformulate one or more output data 

7 streams. 
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